Influenza viruses are peculiarly suitable for interference studies. Partial degradation of the virus particle by ultraviolet irradiation (3, 4) , heat (5, 2) or sulfur mustard (6) , destroys the ability of the particle to induce virus synthesis (infective property) but leaves it with its hemagglutinating capacity (by which it may be identified) and its capacity to block or interfere with virus synthesis induced by infective particles. Horsfall has shown that mild heat (22-35°C.) is an efficient method for destruction of infectivity and preservation of interfering capacity (5) . These findings have been amply confirmed and extended by the present investigator and a thermal inactivation gradient of activities associated with the virus particle has been presented (2) . In succession, infectivity, the capacity to participate in multiplicity reactivation, interfering capacity, eluting (enzymatic) function, and lastly, hemagglutinating capacity are destroyed by thermal stress. A summary of experience with various thermal inactivation procedures is presented in Table I . These data are derived from experiments in which freshly harvested preparations of Lee virus (see Materials and Methods) were subjected to heat. If residual infective virus persisted, this virus usually constituted the "challenge" virus versus the interfering effects of non-infective hemagglutinin. If infectivity titrations disclosed no or little residual infectivity, infective virus in the amounts indicated was added to the inactivated preparation. "Interfering capacity" is expressed as the log~ (tube) reduction in final yields of hemagglutinin (compared with yields from infective virus inocula alone) after 40 to 48 hours' incubation of eggs A. C. Finlay of Chas. Pfizer and Co., Inc., Brooklyn, for supplies of hydrocorfisone diethylaminoacetate hydrochloride, and delta 4,9-dehydro compound S and compound S; to E.R. Squibb and Sons, New Brunswick, New Jersey, for the halogenated corficoids; to Merck and Co., Inc., Rahway, New Jersey, for generous supplies of compounds A, B, E, and F, and 11-beta hydroxyprogesterone; to Lederle Laboratories Division, American Cyanamid Co., Pearl River, New York, for ll-alpha hydrocortisone, and to Schering Corp., Bloomfield, New Jersey, for samples of meticorten and meticortelone. Desoxycortieosterone acetate was furnished by Organon, Inc., d,l-aldosterone 21-monoacetate was provided by Ciba Pharmaceutical Products, Inc., Summit, New Jersey, at the request of the Endocrinology Study Section of the National Institutes of Health.
which received inactivated preparations. It is apparent that the most efficient procedures for preservation of interfering capacity involved the use of temperatures less than 45°C. The apparently greater efficiency of 35 and 40°C. compared with lower temperatures probably reflects some reactivation of virus rendered non-infective at 22-30°C. (2) . In the studies presented here, inactivation temperatures of 22, 30, or 35°C. have been employed in the preparation of non-infective or partially infective interfering virus.
Does Cortisone Inhibit Interference?--An earlier study by the present investigator led to the conclusion that cortisone does not negate the effects of interfering virus. This conclusion derived from evidence that final yields of virus were not enhanced with inactivated virus unless inactive virus capable of multiplicity reactivation was present (2) . However, because observation of the early period of viral increase was essential to demonstration of the accelerated incremental rate occasioned by reactivation, measurements of viral yields in later time periods were seldom made. When such measurements were made, it could be shown that final yields might be increased with cortisone even with inactive virus inocula incapable of effecting the early accelerated increases of hemagglutinin characteristic of the reactivation phenomenon. These studies which implied inhibition of autologous or autointerference, still left unresolved the question of whether the final yield of virus was derived from the infective or the non-infective particles of the inoculum. In short, definitive proof of negation of interference would demand evidence that the final virus yield was identical with the infective virus and different from the interfering virus inoculated. This evidence is presented in Table II. In the representative experiment shown, two antigenically different influenza B strains which are sharply separable by hemagglutination-inhibition were employed. Groups of 6 eggs were inoculated in succession with a small infective dose of B/G1/54 virus and a massive inoculum of non-infective Lee virus, or with either virus separately. Yields of viral hemagglutinin were quantitated after incubation of eggs for 40 hours. It is evident that the inoculation of non-infective Lee virus (even 1 hour after the B/G1/54 strain) so interfered with the multiplication of B/G1/54 virus (group 1) that hemagglutinin was undetectable at a 1:2 dilution of allantoic fluid. The striking effect of cortisone is seen with eggs which received comparable viral inocula (group 2) but in addition 1 rag. of hydrocortisone alcohol. The yield of hemagglutinin actually exceeded that which followed the injection of infective virus alone (group 3). The hemagglutinin formed in group 2 (cortisone) eggs was inhibited by B/G1/54 antiserum but not by Lee antiserum (Table III) . It is therefore concluded that the virus formed was derived from the infective virus B/G1/54, and that the interference of the non-infective Lee virus had been negated. That the viral yield represents recombined virus is unlikely as it was not inhibited by both antisera (7) . Recent evidence that the antigenic character of a virus may be associated with its protein rather than its nucleic acid portion (8) argues further against the possibility that the noninfective Lee virus contributed in any way to the virus yield, as theoretically it has supplied neither nucleic acid (infectivity) nor virus protein (antigenic character).
The Dynamics of Negation of Interference.--Analysis of viral yields at only one point in time may give misleading information concerning viral multiplication (1) . Experiments were devised in which hemagglutinin yields were sequentially quantitated and subjected to antigenic analysis at several time periods. The results of two such experiments (Experiments 90, 112) are set forth in Fig. 1 , together with data from an earlier publication (2) in which multiplicity reactivation of non-infective virus was described. In Experiment 90 ( Fig. 1 A) groups of 5 eggs were inoculated at 0 hours with a l0 s dilution of active Lee virus, 2 hours later with undiluted inactive Lee virus or saline, and at 3 hours with distilled water and 1 mg. of hydrocortisone alcohol. Eggs were harvested for determination of allantoic fluid hemagglutiuin titers at 24, 30, and 36 hours after inoculation.
Examination of curves 1 and 2 reveals the expected inhibitory effect of cortisone in early time periods (1) . Curve 4 illustrates the marked reduction in hemagglutinin yields induced by inactive virus, and curve 3 indicates the partial inhibition of the interfering effect with cortisone. In the light of later experiments with 35°C.-inactivated virus, it is possible that the partial nature of interferencenegation was related to the large (1 mg.) dose of cortisone used.
That cortisone-induced negation of interference may be complete is illustrated in Fig. 1 
B (Experiment 112).
In this experiment groups of 5 eggs were inoculated with either inactive Lee virus (10 ~'~ EID~--P/C 12.8) followed by cortisone 1 hour later; active Lee virus (108"8 EID6o--P/C 0.0001) followed by H~O, or inactive Lee virus and H20.
It may be seen that early increases in both hemagglutinating and infective "~. virus followed inoculation of inactive virus and cortisone. At 12 hours the infective titer exceeded by 3-fold that induced by the inactive inoculum, despite the fact that the inactive inoculum contained less than ~'~ the quantity of infective virus in the active virus inoculum. However, infectivity titrations of 24 hour yields did not differ significantly, although 30 hour yields of hemagglutinin were higher with cortisone and inactive virus. The early hemagglutinin rise but persisting low titer effected by the inactive inoculum alone is shown in curve 3. These results are interpreted as evidence of: (a) early reactivation of noninfective virus (with or without cortisone) followed by autointerference (curve 3) which is negated by the action of cortisone (curve 1). The definitive result of cortisone administration in this experiment may be considered as complete negation of interference.
Reactivation Redsited.--It is appropriate to reconsider at this point the evidence previously reported (2) which suggested more than mere negation of interference in cortisone-injected eggs, but rather, rates of viral increase indicative of participation of non-infective virus in the reproductive process (multiplicity reactivation). Fig. 1 C clearly demonstrates that the rate of viral increase following introduction of a massive "interfering" inoculum (P/C = 3.0) (curve 4) is not only equal to the rate induced by a dilute inoculum of equal infectivity (curve 1), but far exceeds that rate if cortisone is administered (curve 3). This experiment may now be interpreted as one in which multiplicity reactivation (self-limited and obscured by autointerference) stands fully revealed and "unmasked" through the intercession of cortisone in negating autointerference. Thus, the fact that cortisone may negate interference explains the striking demonstration of reactivation in cortisone-injected eggs and obviates postulation of a primary role of cortisone in reactivation.
Earlier evidence that the reactivation phenomenon occurred with influenza viruses (9) has been recently questioned by Cairns (10) who suggested that the accelerated appearance of allantoic fluid virus which follows the addition of heat-inactivated virus to an inoculum results from adsorption onto allantoic cells of the non-infective virus which, by preventing adsorption of newly formed virus, prematurely "exposes" the yield induced by the infective particles. The possibility of a competitive or enzymatic action of non-infective virus has been considered earlier (2) and discarded on the basis that yields of virus in both aUantoic fluid and chorioallantoic membrane phases were enormously increased in early time periods with "reactivable" inactivated virus. Further, certain virus preparations possessed considerable enzymatic activity, yet interfered with--but did not accelerate--the early appearance of virus. Such preparations were termed "interfering" but "non-reactivable." If Cairns's studies with an influenza A virus (IV[EL) may be compared with those from this laboratory with influenza B strains, then it might be predicted that his inactivation procedure (56°C. for half an hour) would produce non-interfering virus (which his experiments show) which could not undergo reactivation. Although Cairns's studies may call for a re- Nonetheless, the possible role of the enzymatic activity of non-infective virus in spuriously suggesting "reactivation" has been reassessed in this laboratory in the light of current evidence that interference may be inhibited with cortisone. Three experiments bearing on this point will be presented concisely.
The enzymatic activity of virus inactivated at 35°C. for 7 days (interfering, non-reactivable) was compared with that of virus heated at 30°C. for 3 days (interfering, reactivable). Enzymatic function was measured by the elution rate of virus from human RBC to which it had been adsorbed at 4°C. for 15 minutes (2) . It can be seen in Fig. 2 that the elution rates of the two strains differ, but that the proportion of particles definitively capable of elution (enzymatically active) is the same with each strain when measured at 2 hours.
The enzymatically active but non-infective Lee virus employed in the preceding experiment was then inoculated into groups of 5 eggs with 10 s EID60 of diluted active B/G1/54 virus, and the appearance time of allantoic fluid hemagglutinins compared with that following a comparable inoculum of active virus alone (Fig. 3 ). All eggs received 1 mg. of cortisone 1 hour after virus to cancel interference by the inactive virus. Fig. 3 reveals that "exposure of the yield" is barely suggested at 20 hours, and that the incremental rate occasioned by inactive virus bears no relation to the rapid increase illustrated by curve 3 in Fig. 1 C, or to that shown in the experiment described below.
A quantitative comparison was next made of viral incremental rates following inoculation of 30°C.-heated virus and 35°C. virus preparations which were adjusted to contain identical numbers of hemagglutinating and infective particles. The experimental results are plotted in Fig. 4 . It can be seen that the appearance of allantoic fluid hemagglutinin following inoculation of 30°C.inactivated virus far antedates that which follows a similarly infective inoculum containing virus heated at 35°C. Indeed, in confirmation of the preceding experiment ( Fig. 3) , the incremental rate is barely influenced by the presence of 35°C. virus.
It is concluded that the greatly accelerated appearance of virus after inoculation of a certain type of heat-inactivated virus is interpretable at present as evidence of participation of such virus in the process of viral synthesis. Until the manner of this participation is better defined, it is convenient to consider the phenomenon as indicative of reactivation of inactive virus.
Time-Dosage Effects with Cortisone and Negation of Interference.--It was of
interest to determine how late after simultaneous inoculation of infective and non-infective virus the interference phenomenon could be reversed. An experiment representative of two performed with different cortisone doses (0.025 and 1.0 mg.) is illustrated in Fig. 2 at time 0.
Groups of 5 eggs were inoculated with a preparation of B/G1/54 virus which had been heated for 72 hours at 30°C. The inoculum contained 108'6 EID~o and provided an estimated hemagglutinating particle/cell ratio of 1.0. At minus 1, and plus 2, 4, and 6 hours, eggs were A marked suppression of hemagglutinin formation effected by the large number of inactive particles in the preparation is seen with both control groups at both harvest periods. An increased viral yield was effected at all 4 time periods with cortisone. A graded response related to the time of cortisone administration is clearly evident at 22 hours and is suggested at the later harvest periods. It may be concluded that viral interference is inhibitable at least 6 hours after inoculation of virus. Later experiments indicate that interference is not inhibited when cortisone is injected as late as 19 hours after virus. A rough gradation of response (yield) in the presence of interfering virus is observed with graded quantities of hydrocortisone alcohol when virus is measured at one point in time (40 hours). D a t a are shown in Table IV which also includes data on aldosterone and desoxyhydrocortisone which will be discussed subsequently.
Negation of Interference witk Other C-21 Steroids.--A convenient concept discussed in another report from this laboratory (1) is the one that cortisone may protect the host cell from the toxic effects of virus (infective or inactive) to permit persistent viral multiplication which results eventually in increased yields of virus. A strong argument against the concept that negation of interference may result from an anti-toxic action of cortisone is the diversity of C-21 steroids which will inhibit interference. In addition to such substituted corti- sone analogs as chloro-F-acetate and meticorten, compounds A and B, with little anti-inflammatory effect, and such mineralo-corticoids as desoxycorticosterone and Reichstein's compound S are capable of inhibiting viral interference. The latter 11-desoxysteroids have not been shown to possess antitoxic or anti-inflammatory properties, and indeed have been termed "prophlogistic" (11, 12) . A summary is presented in Table V of steroids thus far tested with viral interference.
The Specificity of the Steroid Effect--Relation of Interference-Negating Property to Steroid Structure.--Despite the large number of C-21 steroids found to negate interference, the specificity of the effect is demonstrated by the inactivity of l 1-alpha hydroxyprogesterone and l 1-alpha hydroxyhydrocortisone--optical isomers of the highly active progesterone and compound F, respectively. Thus a change in the position of the hydroxyl group at C-11 from the beta to the alpha orientation is sufficient to abolish activity. However, as is illustrated in Fig. 6 , the absence of oxygen at the C-11 position (circled) does not abolish steroid activity. Negation of interference is not dependent upon hydroxylation at C-17 or C-21.
It must be pointed out that most experiments with steroids other than cortisone have employed doses of 1 reg./egg. This dosage is enormous ff related to 
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Testosterone a-Estradiol Note: The varied steroid nomenclature reflects current scientific usage. * "Active" steroids induced increase of final yields of virus of >200 per cent with iaocula containing a high proportion of non-infective virus, when injected as 1 reg./egg in aqueous suspension, 1 hour after virus. the 0.1 ~g./egg dose of hydrocortisone which is known to be effective in negating interference. Exploration of the problem with smaller dosages is in order. A comparative assessment of the interference-negating activity of three C-21 steroids is outlined in Table IV . With respect to the minimal effective dose, hydrocortisone is I0 times as active as either aldosterone or desoxyhydrocortisone (compound S). The lesser yields effected by even the larger doses of desoxyhydrocortisone suggest the importance of oxygen at C-11 in interference-negating activity. Although it is surprising that aldosterone--the prototype of the mineralo-corticoids--possesses appreciable activity in this system, a recent review has stressed the overlap of aldosterone and the glucocorticoids (cortisone) in several biologic effects (13). The possibility has not been excluded that beta-hydroxylation at the l l t h carbon atom may be effected by the chick embryo. An endogenous ll-beta hydroxylase might thus convert desoxyhydrocortisone and progesterone to 11oxy steroids of the glucocortlcoid type, but would be ineffectual in the conver- Fro. 6. The relation of steroid structure to activity in negation of interference. (The C-11 position is circled.) Negation of interference is not dependent upon hydroxylation at C-I7 (compound A) or at C-21 (progesterone). Oxygen at C-11 is not required for activity (DOC, compound S) yet alpha orientation of the hydroxyl group at C-11 is associated with inactivity in negation of interference. sion of inactive compounds (epimers) already hydroxylated in the alpha orientation at C-11.
The Mechanism by Which C-Z1 Steroids fnduce Negation of Viral Interference.
--A preliminary inquiry into the question of mechanism of action of the steroids has gleaned certain information which will be reported here in brief.
(a) Ribonudease, which inhibits the synthesis of influenza viruses in the egg (14) (as does cortisone (1, 15) ), has been found in this laboratory not to inhibit interference. This fact suggests that the action of cortisone is not mediated by inhibition of the ribonudeic acid synthesis necessary for influenza virus multiplication. The administ-ration of exogenous ribonudeic acid, which enhances influenza virus synthesis in eggs (16) , does not antagonize cortisone inhibition of interference, but in fact, supple. merits viral yields which follow interfering inocula. (b) Measurement of dry weights of embryos from eggs injected with as little as lpg. of cortisone has revealed inhibition of weight gain (15) . As the depressing effects of glucocorticoids on protein synthesis (17) and cellular proliferation (18) of viral interference may be related to either of these effects. In this connection, it is pertinent that mustard, also reported to reduce interference (19) , inhibits cellular reproduction (20) , while 2,5-dimethylbenzimidazole, which reduces interference in an in ~r o system, is restrictive to host cell proliferation (21) . In this laboratory, recent experiments have shown reduction in interference when chick embryo growth is retarded by lowering of egg incubation temperature to 33°C.
The foregoing observations suggest that the viral interference phenomenon may require actively proliferating host cells (and perhaps the corollary activity of DNA synthesis). This possibility is under investigation.
The available evidence indicates that those procedures which inhibit interference also inhibit viral synthesis. These data furnish additional support for the concept originally advanced by Luria and Delbruck (22) and emphasized by Henle (23) that interference is closely linked to the process of viral multi-plication at the intracellular level. The opportunity afforded by the C-21 steroids of divorcing interference from other aspects of influenza virus multiplication should prove valuable in future investigations.
DISCUSSION
The demonstration that cortisone inhibits viral interference in the case of influenza B provides an explanation for the late increase in virus observed with active inocula (1) . Evidence has been presented that the dynamics of Lee virus increase in ovo are altered and the incremental rate is reduced when a critical yield of 20 particles/cell has been effected, regardless of the number of infective particles inoculated (24) . This "self-limitation" of virus reproduction may be interpreted as a form of autointerference resulting from cumulative effects of accumulating virus particles. The delayed effect of cortisone in increasing viral yields is thus a direct reflection of the delayed appearance of autointerference which follows dilute inocula. This concept is presented graphically in Fig. 7 . It is consistent with present evidence that cortisone has two manifest effects on influenza virus multiplication, and that the shape of the curve of viral increase with cortisone is the resultant of opposing effects: inhibition of virus synthesis, and inhibition of viral autointerference with reproduction. With dilute inocula providing low P/C ratios, only the inhibiting effect on synthesis is apparent until later, when a high P/C ratio has been attained and viral reproduction slackens. At this point, negation of autointerference permits further viral increase which results in definitively enhanced yields.
Although the manifest effects of cortisone are twofold, it is conceivable that these apparently opposite actions result from a single biochemical effect on viral synthesis; antagonistic to virus synthesis, but also antagonistic to the intracellular "antimetabolite" action by which interfering virus limits synthesis.
The striking effects on viral multiplication of small quantities of the biologically ubiquitous steroids seem worthy of still further exploration. Preliminary data indicate that negation of interference may be effected in the mouse infected with influenza viruses. One may speculate that autointerference is a mechanism by which viral infections are "self-limited," that this self-limitation might be inhibited by endogenous steroids, and further, that latent infections might undergo activation through the mechanism of negation of interference.
S U M M A R Y AND CONCLUSIONS
The interference with viral synthesis which is induced by large quantities of non-infective influenza B virus is inhibited or negated with small quantities of cortisone and other C-21 steroids. The specificity of this effect is attested by the inactivity of 11-alpha hydroxy epimers of highly active compounds. Maximal activity in negation of interference is associated with the presence of oxygen at the C-11 position of the steroid molecule.
In view of the demonstration that negation of interference can occur, it is concluded that the phenomenon of multiplicity reactivation of non-infective virus is not primarily influenced by cortisone. Rather, it is suggested that the reactivation phenomenon is unmasked by cortisone through its inhibiting effect on the autointerference intrinsic in multiplicity infection.
If it is accepted that influenza virus infections in ovo are self-limited in part by viral autointerference, present evidence is consistent with the view that negation of this autointerference is the mechanism by which cortisone induces definitively increased yields of virus.
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